Received April 7, 1976 Cytological observations by a number of investigators have revealed that chromosome number of callus cells in several varieties of Nicotiana tabacum varies considerably. The results, however, are classified into two different types; one type has made emphasis on the appearance of the aneuploid cells (Fox 1963; Shimada and Tabata 1967) , whereas the other type has pointed out that the majority of callus cells is polyploids ranging from 2n to 8n (Cooper et al. 1964; Murashige and Nakano 1967) .
The variation of somatic chromosome number in tobacco regenerates has also been reported by Sacristan and Melchers (1969) , Ogura (1975a) and Niizeki and Kita (1975) . Tabata et al. (1968) and Zagorska et al. (1974) have reported their results on cytological analyses of PMC's at the first meiotic metaphase in the original regenerates.
No inf ormation is yet available, however, on the chromosomal behavior of the offspring of the regenerated plants.
Data are here presented on the variation in chromosome number in root-tip meristematic cells and several other characteristics of original regenerates and their selfed offspring.
A lineage of cytologically unstable mixoploid strain through three generations is also reported.
MATERIALS AND METHODS

Callus induction and shoot redifferentiation
For the initiation and maintenance of tobacco callus from Nicotiana tabacum cv. Wisconsin No. 38 (2n=48), an RM-1964 basal medium (Linsmaier and Skoog 1965 ) to which 0.2 mg/l of kinetin (KIN) and 3.0 mg/l of indole-3-acetic acid (IAA) added was used (Skoog and Miller 1957) . Pieces of the stock calluses (ca. 500 mg each) after three or four subculture passages were inoculated in test tubes containing 10 to 15 ml of an RM-1964 basal medium supplemented with three groups of growth regulators (auxin, cytokinin and morphactin) in appropriate combinations and concentrations to induce shoots, as will be described in the next paragraph.
The pH of the medium was adjusted to 5.8±0.1 before autoclaving.
The shoot organogenesis experiment was carried out in the dark at 25± 1°C throughout, unless otherwise stated. Regenerated vegetative shoots were then transferred to the basal medium containing 3 mg/l of IAA and 0.02 mg/l of KIN to make them form roots (Skoog and Miller 1957) under light. Some of the developing plantlets were transferred to pots filled with a mixture of sterilized vermiculite and soil and were grown in the greenhouse.
Regenerated tobacco plants
The regenerated plantlets and plants were designated according to the growth regulators added to the basal medium for their induction.
The plants designated as Nos. 1 to 6 and 10 are those regenerated by a combination of 2.0 mg/l of KIN and 1.0 mg/l of a morphactin, methyl-2-chloro-9-hydroxyfluorene-(9)-carboxylate, chlorflurenolmethylester (abbreviated as CFM) * (Ogura 1975b, c) . IKl shows the plant regenerated by a combination of 0.03 mg/l of IAA and 2 mg/i of KIN as used by Skoog and Miller (1957) . Kl and K2 show those regenerated by addition of 2 mg/l KIN alone. S1 and S2 mean the first and the second selfed offspring of original regenerates, respectively. To investigate the chromosome constitutions of the offspring of the original regenerates, only Nos. 1 and 2 were selfed and their offsprings were used; their pedigrees being diagrammatically shown in Fig. 1 .
Cytology
Root-tips of the redifferentiated plantlets and their offspring were pretreated with chilled water (0-2°C) for 24 hrs, and fixed with a mixture of ethanol and glacial acetic acid (3:1), or in some cases, treated with saturated 8-hydroxyquinoline solution (0.002M) for 2 to 2.5 hrs at ca. 15°C prior to fixation.
They were stained with 1% acetocarmine solution and squashed for microscopic observation.
The chromosome number was determined by sketching and photomicrographing all chromosomes.
To observe anaphase cells, intact root-tips were directly fixed with acetic alcohol solution (3:1). For microsporocyte observation, the method described by Matsubayashi (1963) This suggests that regenerated tobacco plants are of cytologically chimeric or mixoploid nature, at least in the regions of the root-tip meristems. Table 2 shows several characteristics of the original regenerates and their offspring.
Out of all the original regenerates, only No. 1 appeared to be almost normal in most characteristics so far studied, although it showed a variation in its somatic chromosome number in the root-tip cells. The plant No. 1 exhibited a comparatively high pollen fertility ( Fig. 2k ) and mostly 24 bivalent chromosomes in the first diakinesis of meiosis (Fig. 2g) . The seed fertility of this plant was high, producing well-developed capsules containing numerous good seeds. In contrast, Nos. 2 to 6 and 10, Kl, K2 and IKl were shorter in height and had lower pollen fertilities than No. 1 and controls (seedpropagated normal plants not through culturing) (Fig. 21 ). Almost all of them manifested some univalent chromosomes in the first metaphase of meiosis ( Fig. 2h ) and their seed fertilities were low. In order to investigate whether or not the variation of chromosome number in the root-tip cells becomes stable and if so, in what filial generation it does, the regenerated plants designated Nos. 1 and 2 were selfed, and the chromosome constitutions of these off springs were cytologically analyzed. Some examples of aneuploid root-tip cells are seen in Fig. 2b numbers. Fig. 2e shows a cell with normal 48 chromosomes from a regenerated plant, on the other hand, that from a normal tobacco plant is seen in Fig. 2f . Some characteristics of the S1's of No. 1 were almost normal in most characteristics studied except for chromosome number (Table 2 ). In contrast, in the Sl's of No. 2, three out of five plants withered at young stage of development.
Remaining two plants reached maturity and initiated flowering.
However, a plant designated No. 2S1-4 was completely malesterile and set no seeds.
Another plant of No. 2 (S2-1) produced some fertile pollen grains and its selfed capsules set some seeds. In general, the offspring of No. 2 was extremely unstable, and a segregation of characters was frequently observed. Magnification: a-j, x 600; k, 1, x 100.
Chromosome constitution in the second generation In the second selfed generation (S2) of No. 1, countable metaphase plates of mitosis revealed that almost all the cells had the normal chromosome number, as shown in Table 3 . All the characteristics were almost normal as compared with those of the controls.
In contrast, in S2's of No. 2, the chromosome number of all the offspring was still variable (Table 3 ). The data in this table indicate that the normal chromosome number (2n=48) is not the one most frequently found, and there is no clear modal chromosome number.
Examples of triploid and eudiploid cells of the No. 2 lineage are seen in Fig. 2a and 2e Anaphase cells showed some anomalies of cell division, such as anaphase bridges (Fig. 2i) . Several lines of the data presented indicate that there are some genetic and/or physiological factor(s) involved in abnormal cell division in the original regenerate and the offspring in the lineage of No. 2.
Other characteristics of the original regenerates and their offspring As presented in Table 2 , several characteristics, such as pollen and seed fertilities, leaf color and form segregated in every generation of No. 2 lineage.
An example of round leaf is seen in Fig. 4a . Furthermore, original No. 2 had larger pistils and ovaries as compared with the controls or No. 1 (Fig. 4b ) and these traits transmitted to the offspring, although this phenomenon sometimes occurred in tobacco plants regenerated by a simple addition of kinetin.
A segregation of dwarf or growth-retarded plants was observed in the offspring of No. 2 (Fig. 5a) . Also, an abnormal compact inflorescence Table 2 . Considering such difference observed in reciprocal crosses and a fact that S1's of No. 1 had some mixoploid numbers, the cytoplasmic effects of normal plants on the stability of chromosome number may be taken into account.
DISCUSSION
There have been numerous reports on the chromosomal chimerism in higher plants (Hollingshead 1932; Love 1938; Vaarama 1949; Watanabe 1962; Kessel and Rowe 1974) . Limiting to the studies on the genus Nicotiana, a great number of investigations have been made on cytological chimeras in cultured tissues (Fox 1963; Cooper et al. 1964; Shimada and Tabata 1967; Murashige and Nakano 1967) and in the regenerated plants (Sacristan and Melchers 1969; Ogura 1975; Niizeki and Kita 1975) , as well as in intact plants or hybrids (Moav 1957; Yang 1964 Yang , 1965 Gerstel and Burns 1966) . However, only a few literatures dealing with the progeny plants of regenerates derived from tissue cultures have been elaborated. The present results showed that the regenerated tobacco plants exhibited a variation in chromosome number, irrespective of the kinds or combinations of growth regulators used for regeneration.
In the plants (Nos. 1 and 2) regenerated by a combination of a morphactin and a cytokinin, the variation of chromosome number continued succesively at least for three generations.
The chromosomal constitution of the second self ed offspring of No. 1 stabilized to the normal level, whereas that of No. 2 still exhibited the cytological chimeras.
The data presented in Table 2 imply that cytological variations paralleled with other morphological and/or physiological characteristics to a considerable extent.
The difference in the results between the No. 1 and the No. 2 lineage indicates that the difference may be genetical.
As shown in Table 2 , a little difference was observed on the cytological variations between the reciprocal F1's of No. 1 and normal plants. This suggests that cytoplasm effects may be involved in the chromosomal variations.
In general, the present results show a situation of a considerable mixoploidy of original regenerates and their offspring in N. tabacum cv. Wisconsin No. 38. The high variability of the chromosome number of both regenerates and their offspring seems to be attributable to (a) the chromosomal or genetic alternations induced by tissue culture itself, (b) the genetic alternations induced by growth regulators (CFM and KIN) used for regeneration, and (c) the phylogenetical characteristics of N. tabacum. Since many types of aneuploids are not lethal in almost all species of the genus Nicotiana, the genus is considered to be tolerable to propagte with considerable quantitative and/or qualitative chromosomal alternations. It is interesting that the lineage of No. 2 still shows the variation in chromosome number as well as continuous segregation of several characteristics even after two selfing cycles. In fact, in the microsporocytes of No. 2 and its offspring, disturbances of the first metaphase configuration in PMC's were frequently observed; such as an appearance of mispairing of chromosomes.
Also, in the first anaphase of PMC's, aberrations like anaphase bridges were detected in some of the cells examined.
Moreover, in the mitotic anaphase of No. 2 and of its offspring, anaphase bridges were frequently observed (Fig. 2i ). Such abnomalities in the meiosis will lead to an unequal distributions of chromosomes and to the formation of qualitatively different microspores. As presented in Judging from the results that abnormal cell divisions were frequently observed both in meiosis and in mitosis of the No. 2 lineage, whereas only a little cytological irregularities were observed in those of the No. 1 lineage, there may exist some gene(s) which may disturb both mitosis and meiosis.
Among various studies on chromosomal chimerism in intact higher plants (mainly hybrids), several studies suggested the existence of a gene controlling spindle abnormalities which lead to abnormal cell division in Ribes nigrum (Vaarama 1949) , in a variety of common wheat (Watanabe 1962) and in diploid hybrids of Solanum tuberosum (Mok and Peloquin 1975b) . In the case of colchicine-treated Ribes plants described by Vaarama (1949) , he ascribed "chromosomal mosaics" to the altered genic control induced by a permanent effect of colchicine. Watanabe (1962) assumed a gene inducing spindle abnormalities, although he added that a detailed study on the processes in early stages before diakinesis is required to determine the existence of a gene with certainty. Mok and Peloquin (1975a, b) The morphactin was supplied through the generosity of Kyowa Hakko Kogyo Co.
Ltd., Tokyo. I am indebted to Drs. K. Tsunewaki and S. Ichikawa of our Laboratory for their critical reading of the manuscript.
